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POWER COMBINING AND ENERGY 
RADIATING SYSTEM AND METHOD 

TECHNICAL FIELD 

Some embodiments of the present invention pertain to the 
generation and transmission of microwave and/ or millimeter 
Wave energy. Some embodiments relate to poWer combining. 
Some embodiments relate to Wireless communication sys 
tems. Some embodiments relate to active array antenna sys 
tems. 

BACKGROUND 

Many conventional poWer-combining techniques generate 
high-poWer signal levels by combining the outputs of mul 
tiple transistor ampli?ers or transistor-ampli?er cells. These 
conventional techniques require complex matching netWorks 
due to the very loW output impedances of the high-poWer 
devices. Other conventional poWer-combining techniques 
use stripline or microstrip circuits to combine the outputs of 
multiple ampli?ers. These conventional poWer-combining 
techniques require signi?cant circuit area compared With the 
area occupied by the ampli?er devices. The failure of an 
ampli?er device may result in an impedance mismatch that 
may signi?cantly degrade the performance of the poWer com 
biner. 

Thus, there are general needs for systems that can generate 
high-poWer signal levels that do not require complex match 
ing netWorks. There are also general needs for systems that 
can generate high-poWer signal levels that do not require 
signi?cant circuit area as compared With the area occupied by 
the ampli?er. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a functional block diagram of a poWer-combining 
system in accordance With some embodiments of the present 
invention; 

FIG. 2A illustrates a perspective vieW of a four port com 
bining-radiating assembly in accordance With some embodi 
ments of the present invention; 

FIG. 2B illustrates a side vieW of a portion of a combining 
radiating assembly in accordance With some embodiments of 
the present invention; 

FIG. 3 illustrates a top vieW of an eight port combining 
radiating assembly in accordance With some embodiments of 
the present invention; and 

FIG. 4 is a functional block diagram of an active array 
antenna in accordance With some embodiments of the present 
invention. 

DETAILED DESCRIPTION 

The folloWing description and the draWings suf?ciently 
illustrate speci?c embodiments of the invention to enable 
those skilled in the art to practice them. Other embodiments 
may incorporate structural, logical, electrical, process, and 
other changes. Examples merely typify possible variations. 
Portions and features of some embodiments may be included 
in, or substituted for, those of other embodiments. Embodi 
ments of the invention set forth in the claims encompass all 
available equivalents of those claims. Embodiments of the 
invention may be referred to herein, individually or collec 
tively, by the term “invention” merely for convenience and 
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2 
Without intending to limit the scope of this application to any 
single invention or inventive concept if more than one is in 
fact disclosed. 

FIG. 1 is a functional block diagram of a poWer-combining 
system in accordance With some embodiments of the present 
invention. PoWer-combining system 100 may be used to gen 
erate coherent high-poWer Wavefront 109. In these embodi 
ments, poWer-combining system 100 may include combin 
ing-radiating assembly 108 and phase controllers 102. 
Combining-radiating assembly 108 has a plurality of ports 
114. Phase controllers 102 may generate signals With a pre 
determined phase shift for an associated one of ports 114. 
PoWer-combining system 100 may also include a plurality of 
coherent sources 104 to receive signals from an associated 
one of phase controllers 102 and to provide signals 105 to an 
associated port 114 With a predetermined phase shift. In these 
embodiments, energy from ports 114 may be coherently com 
bined and radiated by combining-radiating assembly 108 to 
generate coherent high-poWer Wavefront 109 . As used herein, 
the term ‘coherent Wavefront’ refers to a propagating electro 
magnetic Wavefront of substantially constant phase. 

In accordance With embodiments of the present invention, 
the energy provided to ports 114 is not spatially combined in 
free space, as in a spatial combiner or phased-array. The 
energy is concurrently combined Within and radiated by com 
bining-radiating assembly 108. In some embodiments, com 
bining-radiating assembly 108 may operate as an antenna that 
transmits the combined energy. 

In some embodiments, combining-radiating assembly 108 
may comprise a patch With ports 114 around the patch. The 
patch may combine signals 105 and may radiate coherent 
high-power Wavefront 109. In these embodiments, the patch 
may operate as an antenna that transmits the combined 
energy. In some embodiments, ports 114 may be spaced uni 
formly around the patch. In some embodiments, the patch 
may be circular and ports 114 may be uniformly spaced (e. g., 
radially) around the patch, although the scope of the invention 
is not limited in this respect as other shaped patches may also 
be suitable. In some of these embodiments, the patch may 
comprise a conductive material having either a substantially 
circular shape or a substantially regular polygonal shape, 
although the scope of the invention is not limited in this 
respect. Some examples of the patch are discussed in more 
detail beloW. In some alternate embodiments, combining 
radiating assembly 108 may comprise a linear-polariZed horn 
antenna having an integrated coaxial-to -Waveguide combiner 
to coherently combine energy from ports 114. 

In some embodiments, the use of combining-radiating 
assembly 108 may lessen and possibly even eliminate the 
need for circuit-based poWer combiners. Furthermore, in 
some embodiments, polariZation diversity may be achieved 
by selectively setting the phase at each port 114 of combin 
ing-radiating assembly 108. In addition, in some embodi 
ments, control over the phase at each port 114 may alloW 
poWer-combining system 100 to at least partially compensate 
for degradation and possibly even failure of one or more of the 
signal paths. 

In some embodiments, poWer-combining system 100 may 
be used to transmit information Wirelessly and may be part of 
a Wireless communication system. In some other embodi 
ments, poWer-combining system 100 may be part of an active 
array antenna system. These embodiments are described in 
more detail beloW. 

In some embodiments, output signals 105 from coherent 
sources 104 may comprise either microWave or millimeter 
Wave frequency signals. In some embodiments, each of 
coherent sources 104 may provide one of output signals 105 
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Whose phase is set by that of an associated one of input signals 
103 provided by an associated one of phase controllers 102. 
In these embodiments, the microwave frequencies may gen 
erally range betWeen approximately one and 30gigahertz 
(GHz) and the millimeter-Wave signals may generally range 
betWeen approximately 30 and 300 GHz, although the scope 
of the invention is not limited in this respect. 

In some embodiments, each of coherent sources 104 may 
comprise a phase-locked oscillator to provide one of output 
signals 105 that is phase-locked to an associated one of input 
signals 103. In some embodiments, the output frequency and 
output phase of output signals 105 may be phase locked to 
common input signal 101, although the scope of the invention 
is not limited in this respect. 

In some embodiments, each of coherent sources 104 may 
comprise up to several hundred or more small loW-poWer 
ampli?ers (e. g., one or more transistor cells) having relatively 
high input and output impedances (e.g., 50 Ohms), although 
the scope of the invention is not limited in this respect. These 
ampli?ers may be matched using conventional microWave 
design techniques, although the scope of the invention is not 
limited in this respect. In some other embodiments, one or 
more of coherent sources 104 may comprise a traveling Wave 
tube ampli?er (TWTA) to provide output signals 105 Whose 
phase is set by the phase of an associated one of input signals 
103. In some other embodiments, one or more of coherent 
sources 104 may comprise a klystron ampli?er or a solid-state 
ampli?er, although other ampli?ers may also be suitable. In 
these embodiments, the phase at the output of coherent 
sources 104 is determined by the phase at the input. 

In some of these embodiments, coherent sources 104 gen 
erate output signals 105 of substantially uniform amplitude 
for combining and radiating by combining-radiating assem 
bly 108, although in other embodiments, the amplitude of 
output signals 105 may be varied. These embodiments are 
discussed in more detail beloW. 
As illustrated in FIG. 1, poWer-combining system 100 may 

include controller 110 coupled to phase controllers 102 to set 
the phase of signals at ports 114 of combining-radiating 
assembly 108 to generate coherent high-poWer Wavefront 
109. In some embodiments, controller 110 may be coupled to 
phase controllers 102 to set a phase progression of the signals 
at ports 114 to generate coherent high-poWer Wavefront 109 
With circular polarization. 

In some embodiments, controller 110 may provide for 
on-the-?y polarization by setting a phase of the signals at 
ports 114 to selectively provide one of a right-hand circularly 
polarized Wavefront, a left-hand circularly polarized Wave 
front, a horizontally polarized Wavefront or a vertically polar 
ized Wavefront. 

In some embodiments, controller 110 may set the phase 
shifts for each of phase controllers 102 based on an initial 
calibration for each port 114. In some embodiments, memory 
116 may store a predetermined phase offset and/or amplitude 
offset for each port 114 based on the initial calibration to 
provide the predetermined phase shift at each port 114 during 
operation. In these embodiments, controller 110 may cause 
phase controllers 102 to offset the phase and/ or amplitude for 
each port 114 based on the predetermined phase offset and 
amplitude offset stored in memory 116. In some of these 
embodiments, phase controllers 102 may be phase and ampli 
tude controllers. In these embodiments, during calibration, 
the phase and/or amplitude for each port 114 may be opti 
mized so that re?ected poWer at each port 114 is minimized. 
In these embodiments, rather than minimizing re?ections and 
matching the input for each of ports 114 individually, re?ec 
tions from all ports 114 may be minimized concurrently. In 
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4 
this Way, maximum poWer may be transferred to combining 
radiating assembly 108 for combining and radiating. 

In some embodiments, poWer-combining system 100 may 
also include optional dual-directional couplers 106 in the 
signal path prior to ports 114. Dual directional couplers 106 
may be used to measure incident and re?ected poWer from 
ports 114 during operation. Data derived from these measure 
ments may be used as part of a built-in-test system. Dual 
directional couplers 106 may also be used to monitor 
re?ected energy from ports 114 during calibration to deter 
mine the phase and/or amplitude offsets for use by controller 
110. 

In some embodiments, combining-radiating assembly 108 
may have N ports 114 While possessing N-fold rotational 
symmetry. In these embodiments, combining-radiating 
assembly 108 may be geometrically invariant to rotations of 
360/N degrees. In these embodiments, a phase progression of 
1360 degrees divided by N may be set betWeen ports 114 by 
controller 110 to generate coherent high-poWer Wavefront 
109 With either right-hand or left-hand circular polarization, 
depending on the sign of the phase progression. 

In some embodiments, poWer-combining system 100 may 
be coupled to master controller and user interface 112. Master 
controller and user interface 112 may alloW a user to select 

and set the type of polarization (i.e., right-hand circular, left 
hand circular, vertical linear, horizontal linear) of coherent 
Wavefront 109 as Well as the poWer level of coherent Wave 
front 109. Master controller and user interface 112 may also 
be used during calibration. In some embodiments, master 
controller and user interface 112 may be used to steer and/or 
direct coherent high-poWer Wavefront 109 in various direc 
tions, although the scope of the invention is not limited in this 
respect. These embodiments are discussed in more detail 
beloW. 

FIG. 2A illustrates a perspective vieW of a four port com 
bining-radiating assembly in accordance With some embodi 
ments of the present invention. Four port combining-radiating 
assembly 200 may be suitable for use as combining-radiating 
assembly 108 (FIG. 1), although other combining-radiating 
assemblies may also be suitable. Combining-radiating 
assembly 200 may include ports 204A, 204B, 204C and 204D 
and patch 202. Conductive strips 206 may couple one of ports 
204A, 204B, 204C and 204D to patch 202. In these embodi 
ments, patch 202 may be fabricated on ?rst insulating sub 
strate 212 and conductive strips 206 may be fabricated on 
second insulating substrate 216. In these embodiments, ports 
204A, 204B, 204C and 204D may correspond to ports 114 
(FIG. 1). 

In some four-port embodiments (i.e., N:4), four ports 
204A, 204B, 204C and 204D may generate coherent Wave 
front 109 (FIG. 1) With right-hand circular polarization. In 
these embodiments, controller 110 (FIG. 1) sets the relative 
phase at port 204A to zero degrees, the relative phase at port 
204B to 90 degrees, the relative phase at port 204C to 180 
degrees, and the relative phase at port 204D to 270 degrees. In 
these four-port embodiments, to generate Wavefront 109 
(FIG. 1) With left-hand circular polarization, controller 110 
(FIG. 1) sets the relative phase at port 204A to zero degrees, 
the relative phase at port 204B to —90 degrees, the relative 
phase at port 204C to —l 80 degrees, and the relative phase at 
port 204D to —270 degrees. In these same four-port embodi 
ments, to generate Wavefront 109 (FIG. 1) With horizontal 
linear polarization, controller 110 (FIG. 1) sets the relative 
phases at ports 204A and 204D to zero degrees and the rela 
tive phase at ports 204B and 204C to 180 degrees. In these 
four-port embodiments, to generate Wavefront 109 (FIG. 1) 
With vertical linear polarization, controller 110 (FIG. 1) sets 
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the relative phases at ports 204A and 204B to zero degrees 
and the relative phase at port 204C and 204D to 180 degrees. 

In these four-port embodiments When four ports 204A, 
204B, 204C and 204D are used to generate coherent Wave 
front 109 (FIG. 1) With either horizontal or vertical linear 
polarization, ports 204A, 204B, 204C and 204D may be 
spaced substantially ninety degrees apart from each other 
around patch 202 as illustrated in FIG. 2A, although the scope 
of the invention is not limited in this respect. Controller 110 
(FIG. 1) may set the relative phase of signals provided to tWo 
adjacent ports (i.e., ports 204A and 204B) to be substantially 
in-phase With each other, and may set the relative phase of the 
signals provided to tWo opposite ports (i.e., ports 204C and 
204D) to be substantially 180 degrees (i.e., out-of-phase With 
ports 204A and 204B) to generate coherent Wavefront 109 
(FIG. 1) having a linear polarization. In these embodiments, 
the linear polarization may be either horizontal or vertical 
depending on Which adjacent ports are provided the in-phase 
signals. In these four-port embodiments that generate coher 
ent Wavefront 109 (FIG. 1) With a linear polarization, the 
amplitude of the signals at each of the four ports may be the 
same, although the scope of the invention is not limited in this 
respect. 

In some embodiments, patch 202 may have a circular 
shape, as illustrated in FIG. 2A. In some other embodiments, 
patch 202 may have a rectangular or square shape With mul 
tiple ports arranged on opposite sides of the patch. In these 
other embodiments, the phases of the signals provided at the 
ports may be selected to provide a linearly-polarized Wave 
front. In these embodiments, the rectangular or square shaped 
patch may have four or more ports. 

In some eight port embodiments (N :8), eight ports may be 
used to generate a Wavefront With either right-hand or left 
hand circular polarization. In some other eight port embodi 
ments, eight ports may be used to generate a coherent Wave 
front With a linear polarization. These embodiments are 
described in more detail beloW. 

FIG. 2B illustrates a side vieW of a portion of a combining 
radiating assembly in accordance With some embodiments of 
the present invention. FIG. 2B illustrates ?rst non-conductive 
substrate 212 having patch 202 disposed thereon, and second 
non-conductive substrate 216 having conductive strips 206 
disposed thereon. In some embodiments, each conductive 
strip 206 may signal-couple one of ports 204 to patch 202. 
Second non-conductive substrate 216 may have ground plane 
218 disposed on the side opposite of conductive strips 206. 
Port 204, illustrated in FIG. 2B, may correspond to any one or 
more of ports 204A-204D (FIG. 2A). 

In some embodiments, ?rst and second non-conductive 
substrates 212 & 216 may comprise printed circuit boards 
(PCBs), such as Duroid or alumina, although other non-con 
ductive substrate materials may also be suitable. In some 
embodiments, patch 202, conductive strips 206 and ground 
plane 218 may comprise a conductive material such as cop 
per, gold, aluminum and/or silver, although the scope of the 
invention is not limited in this respect. 

In some embodiments, ports 204 may comprise electro 
magnetically-coupled ports. In these embodiments, electro 
magnetic signals 203 may be coupled betWeen conductive 
strips 206 andpatch 202. In these embodiments, eachport 204 
may comprise an open-ended conductive strip 206 disposed 
on non-conductive substrate 216 to couple electromagnetic 
energy from each conductive strip 206 to patch 202. In these 
embodiments, open-ended conductive strips 206 may extend 
and terminate under patch 202 as illustrated. In these electro 
magnetically-coupled embodiments, open-ended conductive 
strips 206 may be electrically insulated from patch 202, 
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6 
although the scope of the invention is not limited in this 
respect. In some of these embodiments, open-ended conduc 
tive strips 206 may comprise microstrip feed lines, although 
the scope of the invention is not limited in this respect. 

In the embodiments illustrated in FIGS. 2A and 2B, ports 
204 may comprise a connector, such as an SMA connector, 
although the scope of the invention is not limited in this 
respect. The center conductor of each connector may couple 
With one of conductive strips 206. 

FIG. 3 illustrates a top vieW of an eight port combining 
radiating assembly in accordance With some embodiments of 
the present invention. Eight port combining-radiating assem 
bly 300 may be suitable for use as combining-radiating 
assembly 108 (FIG. 1), although other combining-radiating 
assemblies may also be used. Eight port combining-radiating 
assembly 300 may include patch 302, Which may be similar to 
patch 202 (FIGS. 2A & 2B), conductive strips 306, Which 
may be similar to conductive strips 206 (FIGS. 2A & 2B), and 
ports 304A-304H, Which may be similar to ports 204A-204D 
(FIG. 2A) or port 204 (FIG. 2B). In these embodiments, patch 
302 may be fabricated on a ?rst insulating substrate, Which 
may be similar to ?rst insulating substrate 212 (FIG. 2B), and 
conductive strips 306 may be fabricated on a second insulat 
ing substrate, Which may be similar to second insulating 
substrate 216 (FIG. 2B), although the scope of the invention 
is not limited in this respect. 

In these eight port embodiments (NI8), to generate Wave 
front 109 (FIG. 1) With right-hand circular polarization, con 
troller 110 (FIG. 1) sets the relative phase at port 304A to zero 
degrees, the relative phase at port 304B to 45 degrees, the 
relative phase at port 304C to 90 degrees, the relative phase at 
port 304D to 135 degrees, the relative phase at port 304E to 
180 degrees, the relative phase at port 304E to 225 degrees, 
the relative phase at port 3 04G to 270 degrees, and the relative 
phase at port 304H to 315 degrees. In these eight port embodi 
ments, to generate Wavefront 109 (FIG. 1) With left-hand 
circular polarization, controller 110 (FIG. 1) sets the relative 
phase at port 304A to zero degrees, the relative phase at port 
304B to —45 degrees, the relative phase at port 304C to —90 
degrees, the relative phase at port 304D to —135 degrees, the 
relative phase at port 304E to —180 degrees, the relative phase 
at port 304E to —225 degrees, and the relative phase at port 
304G to —270 degrees, and the relative phase at port 304H to 
—3 l 5 degrees. In these eight port embodiments that generate 
a coherent Wavefront With circular polarization, the ampli 
tude of the signals at each of ports 304A-304H may be the 
same, although the scope of the invention is not limited in this 
respect. 

Although patch 302 is illustrated as having a circular 
shape, the scope of the invention is not limited in this respect. 
In alternate embodiments, patch 302 may have regular 
polygonal shape (e.g., octagonal). 

In some alternate embodiments, ports 304A-304H may be 
used to generate Wavefront 109 (FIG. 1) With either horizontal 
or vertical linear polarization. In these embodiments, control 
ler 110 (FIG. 1) may adjust (e.g., reduce) the amplitude of 
signals 105 (FIG. 1) provided to some of the ports, although 
the scope of the invention is not limited in this respect. For 
example, alternate ports may be set to loWer amplitude levels. 

FIG. 4 is a functional block diagram of an active array 
antenna system in accordance With some embodiments of the 
present invention. Active array antenna system 400 may gen 
erate high-poWer coherent Wavefront 409. Active array 
antenna system 400 may comprise combining-radiating 
assembly 408 comprising a plurality of combining-radiating 
elements 402. Each combining-radiating element 402 may 
have a plurality of ports. Active array antenna system 400 may 
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also include a plurality of poWer-generating systems 412. 
Each poWer-generating system 412 may be associated With 
one of combining-radiating elements 402 and may generate 
signals for each port of the associated combining-radiating 
elements 402. In some embodiments, each combining-radi 
ating element 402 may comprise a conductive patch, such as 
patch 202 (FIG. 2A) or patch 302 (FIG. 3) although other 
types of combining-radiating element or patches may also be 
suitable. 

In the embodiments illustrated in FIG. 4, combining-radi 
ating assembly 408 may comprise an array of individual 
combining-radiating assemblies, such as an array of indi 
vidual combining-radiating assembly 108 (FIG. 1). Each 
poWer-generating system 412 and an associated one of indi 
vidual combining-radiating assembly 108 (FIG. 1) may cor 
respond to poWer-combining system 100 (FIG. 1). 

In FIG. 4, combining-radiating assembly 408 is illustrated 
as a 4x4 array of sixteen individual combining-radiating 
assemblies, although the scope of the invention is not limited 
in this respect as almost any number of combining-radiating 
assemblies may be used. In these embodiments, the coherent 
Wavefront generated by each individual combining-radiating 
assembly may be combined in-phase. In some embodiments, 
master controller and user interface 112 may steer and/or 
direct combined high-poWer coherent Wavefront 409. 
Accordingly, in these embodiments, a large amount of coher 
ent energy may be directed toWard a target. 

In some embodiments, master controller and user interface 
112 may include one or more controllers, such as controller 
110 (FIG. 1), to provide for on-the-?y polariZation by setting 
a phase of the signals at individual ports 114 (FIG. 1) of each 
combining-radiating elements 402 to selectively provide one 
of a right-hand circularly polariZed Wavefront, a left-hand 
circularly polarized Wavefront, a horizontally polariZed 
Wavefront or a vertically polariZed Wavefront generated by 
each combining-radiating element 402. In these embodi 
ments, this port-to port phase controls the polariZation of the 
energy generated by each combining-radiating element 402. 
In these embodiments, master controller and user interface 
112 may further control the element-to-element phase (i.e., 
the phase betWeen combining-radiating elements 402) to 
determine the beam-steering direction, although the scope of 
the invention is not limited in this respect. 

Although poWer-combining system 100 (FIG. 1) and active 
array antenna system 400 (FIG. 4) are illustrated as having 
several separate functional elements, one or more of the func 
tional elements may be combined and may be implemented 
by combinations of softWare-con?gured elements, such as 
processing elements including digital signal processors 
(DSPs), and/ or other hardWare elements. For example, some 
elements may comprise one or more microprocessors, DSPs, 
application speci?c integrated circuits (ASICs), and combi 
nations of various hardWare and logic circuitry for perform 
ing at least the functions described herein. In some embodi 
ments, the functional elements of system 100 (FIG. 1) and 
system 400 (FIG. 4) may refer to one or more processes 
operating on one or more processing elements. 

The Abstract is provided to comply With 37 C.F.R. Section 
l.72(b) requiring an abstract that Will alloW the reader to 
ascertain the nature and gist of the technical disclosure. It is 
submitted With the understanding that it Will not be used to 
limit or interpret the scope or meaning of the claims. 

In the foregoing detailed description, various features are 
occasionally grouped together in a single embodiment for the 
purpose of streamlining the disclosure. This method of dis 
closure is not to be interpreted as re?ecting an intention that 
the claimed embodiments of the subject matter require more 
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8 
features than are expressly recited in each claim. Rather, as 
the folloWing claims re?ect, invention may lie in less than all 
features of a single disclosed embodiment. Thus, the folloW 
ing claims are hereby incorporated into the detailed descrip 
tion, With each claim standing on its oWn as a separate pre 
ferred embodiment. 
What is claimed is: 
1. A poWer combining system for generating a coherent 

high-poWer Wavefront comprising: 
a combining-radiating assembly comprising a conductive 

patch having a plurality of ports spaced around the 
patch; 

phase controllers to generate signals With a predetermined 
phase shift for an associated one of the ports; and 

a plurality of coherent sources, each of the coherent 
sources to receive signals from an associated one of the 
phase controllers and to provide the signals to an asso 
ciated port of the patch With the predetermined phase 
shifts, 

Wherein energy from the ports is coherently combined and 
radiated by the patch to provide a coherent Wavefront. 

2. The poWer combining system of claim 1 further com 
prising a dual-directional coupler provided betWeen each of 
the sources and each of the ports, each coupler con?gured to 
measure incident and re?ected poWer at the associated port 
for use in setting the predetermined phase shift at each of the 
associated ports, 

Wherein the signal generated by each of the coherent 
sources is phase-locked to the signal received from the 
associated phase controller. 

3. A poWer combining system for generating a coherent 
high-power Wavefront comprising: 

a combining-radiating assembly comprising a conductive 
patch having a plurality of ports spaced around the 
patch; 

phase controllers to generate signals With a predetermined 
phase shift for an associated one of the ports; and 

a plurality of coherent sources to receive signals from an 
associated one of the phase controllers and to provide the 
signals to an associated port of the combining-radiating 
assembly With the predetermined phase shifts, 

Wherein energy from the ports is coherently combined and 
radiated by combining-radiating assembly to provide a 
coherent Wavefront, 

Wherein energy from the ports is coherently combined and 
radiated by the patch to provide the coherent Wavefront, 

Wherein the combining-radiating assembly comprises: 
a ?rst non-conductive substrate having the patch disposed 

thereon; and 
a second non-conductive substrate having conductive 

strips disposed thereon, each conductive strip signal 
coupling one of the ports to the patch, the second non 
conductive substrate further having a ground-plane dis 
posed on a side opposite the conductive strips. 

4. The poWer combining system of claim 3 Wherein the 
patch has a circular shape and the ports are spaced uniformly 
around the patch. 

5. The poWer combining system of claim 3 Wherein the 
output signals comprise either microWave or millimeter-Wave 
signals, and 

Wherein each of the coherent sources provides an output 
signal Whose phase is set by that of an input signal 
provided by the associated phase controller. 

6. The poWer combining system of claim 5 Wherein each of 
the coherent sources comprises a phase-locked oscillator to 
provide an output signal that is phase-locked to the associated 
input signal. 
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7. The power combining system of claim 5 wherein each 
coherent source comprises a solid-state ampli?er. 

8. The poWer combining system of claim 5 Wherein each 
coherent source comprises a traveling-Wave tube ampli?er. 

9. The poWer combining system of claim 5 Wherein each 
coherent source comprises a klystron ampli?er. 

10. The poWer combining system of claim 3 further com 
prising a controller coupled to the phase controllers to provide 
on-the-?y polarization by setting a phase of the signals at the 
ports to selectively provide one of a right-hand circularly 
polarized Wavefront, a left-hand circularly polarized Wave 
front, a horizontally polarized Wavefront or a vertically polar 
ized Wavefront. 

11. The poWer combining system of claim 3 further com 
prising a controller coupled to the phase controllers to set a 
phase progression of the signals at the ports around the patch 
to generate a circularly polarized Wavefront, 

Wherein the patch comprises a conductive material having 
either a substantially circular shape or a substantially 
regular polygonal shape. 

12. The poWer combining system of claim 11 Wherein the 
controller is to further set the phase shifts for each of the phase 
controllers based on an initial calibration for each port, and 

Wherein the poWer combining system further comprises a 
memory to store a predetermined phase offset in 
memory for each port based on the initial calibration to 
provide the predetermined phase shift at each port dur 
ing operation. 

13. The poWer combining system of claim 11 Wherein the 
combining-radiating assembly has N ports, Wherein the phase 
progression set by the controller betWeen the ports is 360 
degrees divided by N, and 

Wherein N is an integer greater than or equal to 3. 
14. The poWer combining system of claim 13 Wherein the 

combining-radiating assembly has four ports, 
Wherein the controller sets a relative phase of the signals 

provided to a ?rst of the ports to zero degrees, the relative 
phase of the signals provided to a second of the ports to 
+90 degrees, the relative phase of the signals provided to 
a third of the ports to +180 degrees, and the relate phase 
of the signals provided to a fourth of the ports to +270 
degrees to generate a Wavefront having right-hand cir 
cular polarization, and 

Wherein the controller sets the relative phase of the signals 
provided to the ?rst of the ports to zero degrees, the 
relative phase of the signals provided to the second of the 
ports to —90 degrees, the relative phase of the signals 
provided to the third of the ports to —180 degrees, and the 
relate phase of the signals provided to the fourth of the 
ports to —270 degrees to generate a Wavefront having 
left-hand circular polarization. 

15. The poWer combining system of claim 13 Where in the 
combining-radiating assembly has eight ports spaced uni 
formly and radially around a perimeter of the patch, 

Wherein the controller sets a relative phase of the signals 
provided to a ?rst of the ports to zero degrees, the relative 
phase of the signals provided to a second of the ports to 
+45 degrees, the relative phase of the signals provided to 
a third of the ports to +90 degrees, the relative phase of 
the signals provided to a fourth of the ports to +135 
degrees, the relative phase of the signals provided to a 
?fth of the ports to +180 degrees, the relative phase of the 
signals provided to a sixth of the ports to +225 degrees, 
the relative phase of the signals provided to a seventh of 
the ports to +270 degrees, and the relative phase of the 
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10 
signals provided to an eighth of the ports to +315 degrees 
to generate a Wavefront having right-hand circular polar 
ization, and 

Wherein the controller sets the relative phase of the signals 
provided to the ?rst of the ports to zero degrees, the 
relative phase of the signals provided to the second of the 
ports to —45 degrees, the relative phase of the signals 
provided to the third of the ports to —90 degrees, the 
relative phase of the signals provided to the fourth of the 
ports to —135 degrees, the relative phase of the signals 
provided to the ?fth of the ports to —180 degrees, the 
relative phase of the signals provided to the sixth of the 
ports to —225 degrees, the relative phase of the signals 
provided to the seventh of the ports to —270 degrees, and 
the relative phase of the signals provided to then eighth 
of the ports to —315 degrees to generate a Wavefront 
having left-hand circular polarization. 

16. The poWer combining system of claim 3 further com 
prising a controller, 

Wherein the combining-radiating assembly has four ports 
spaced substantially ninety degrees apart from each 
other around the patch, and 

Wherein the controller sets a relative phase of signals pro 
vided to tWo adjacent ports to be substantially in phase 
With each other, and sets the relative phase of the signals 
provided to tWo opposite ports to be substantially 180 
degrees to generate the Wavefront having a linear polar 
ization. 

17. The poWer combining system of claim 3 Wherein the 
ports of the combining-radiating assembly comprise electro 
magnetically-coupled ports, 

Wherein each port comprises an open-ended conductive 
strip disposed on a non-conductive substrate to couple 
electromagnetic energy to the patch, and 

Wherein the open-ended conductive strips extend and ter 
minate under the patch. 

18. A poWer combining system for generating a coherent 
high-poWer Wavefront comprising: 

a combining-radiating assembly having a plurality of 
ports; 

phase controllers to generate signals With a predetermined 
phase shift for an associated one of the ports; and 

a plurality of coherent sources, each of the coherent 
sources to receive signals from an associated one of the 
phase controllers and to provide the signals to an asso 
ciated port of the combining-radiating assembly With the 
predetermined phase shifts, 

Wherein energy from the ports is coherently combined and 
radiated by the combining-radiating assembly to pro 
vide a coherent Wavefront, 

Wherein the signal generated by each of the coherent 
sources is phase-locked to the signal received from the 
associated phase controller, and 

Wherein the combining-radiating assembly comprises 
either a circularly or a linear-polarized horn antenna 
having an integrated coaxial-to-Waveguide combiner to 
coherently combine energy from the ports. 

19. The poWer combining system of claim 18 further com 
prising a dual-directional coupler provided betWeen each of 
the sources and each of the ports, each coupler con?gured to 
measure incident and re?ected poWer at the associated port 
for use in setting the predetermined phase shift at each of the 
associated ports. 

20. A method for generating a coherent high-poWer Wave 
front With a combining-radiating assembly comprising a con 
ductive patch having a plurality of ports spaced around the 
patch, the method comprising: 
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generating high-poWer signals With a plurality of coherent 
sources, each of the signals generated With a predeter 
mined phase shift for an associated one of the ports; and 

concurrently combining and radiating the signals received 
at each of the ports to provide a coherent high-poWer 
Wavefront. 

21. The method of claim 20 
Wherein the plurality of ports are spaced uniformly around 

the patch to provide the coherent hi gh-poWer Wavefront, 
Wherein generating comprises setting a phase progression 

of the signals at the ports around the patch to generate a 
circularly polariZed Wavefront, and 

Wherein the patch comprises a conductive material having 
either a substantially circular shape or a substantially 
regular polygonal shape. 

22. The method of claim 21 Wherein concurrently combin 
ing and radiating is performed by a combining-radiating 
assembly having N ports, 

Wherein the phase progression set by the controller 
betWeen the ports is 360 degrees divided by N, and 

Wherein N is an integer greater than or equal to 3 inclusive. 
23. The method of claim 22 further comprising: 
setting the predetermined phase shifts for each of the ports 

based on an initial calibration for each port; and 
storing a predetermined phase offset in memory for each 

port based on the initial calibration to provide the pre 
determined phase shift at each port. 

24. The method of claim 20 further comprising measuring 
incident and re?ected poWer at the associated port for use in 
setting the predetermined phase shift at each of the associated 
ports, Wherein the signal generated by each of the coherent 
sources is phase-locked to the signal received from an asso 
ciated phase controller. 

25. An active array antenna for generating a high-poWer 
coherent Wavefront comprising: 

a combining-radiating assembly comprising a conductive 
patch having a plurality of ports spaced around the 
patch; 

a plurality of poWer-generating systems, each associated 
With one of the combining-radiating elements to gener 
ate signals for each port of the associated combining 
radiating element, 

Wherein each poWer-generating system comprises a phase 
controller to generate signals With a predetermined 
phase shift for an associated one of the ports and a 
plurality of coherent sources, each of the coherent 
sources to receive signals from an associated one of the 
phase controllers and to provide the signals to an asso 
ciated port of the patch With the predetermined phase 
shifts, 

Wherein energy from the ports is coherently combined and 
radiated by the patch to provide a coherent Wavefront. 

26. The active array antenna of claim 25 Wherein the signal 
generated by each of the coherent sources is phase-locked to 
the signal received from the associated phase controller. 

27. The active array antenna of claim 26 further comprising 
a controller coupled to the phase controllers to set a phase 
progression of the signals at the ports around each of the 
patches to generate a circularly polariZed Wavefront by each 
patch, 
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Wherein each patch comprises a conductive material hav 

ing either a substantially circular shape or a substantially 
regular polygonal shape. 

28. The active array antenna of claim 25 further comprising 
a controller coupled to the phase controllers to provide on 
the-?y polarization by setting a phase of the signals at the 
ports to selectively provide one of a right-hand circularly 
polariZed Wavefront, a left-hand circularly polariZed Wave 
front, a horiZontally polarized Wavefront or a vertically polar 
iZed Wavefront. 

29. The active array antenna of claim 26 further comprising 
a dual-directional coupler provided betWeen each of the 
sources and each of the ports, each coupler con?gured to 
measure incident and re?ected poWer at the associated port 
for use in setting the predetermined phase shift at each of the 
associated ports. 

30. An active array antenna for generating a high-poWer 
coherent Wavefront comprising: 

a combining-radiating assembly comprising a plurality of 
combining-radiating elements having a plurality of 
ports; 

a plurality of poWer-generating systems, each associated 
With one of the combining-radiating elements to gener 
ate signals for each port of the associated combining 
radiating element, 

Wherein each poWer-generating system comprises a phase 
controller to generate signals With a predetermined 
phase shift for an associated one of the ports and a 
plurality of coherent sources to receive signals from an 
associated one of the phase controllers and to provide the 
signals to an associated port of the combining-radiating 
assembly With the predetermined phase shifts, 

Wherein energy from the ports is coherently combined and 
radiated by the combining-radiating elements to provide 
a coherent Wavefront, 

Wherein each of the combining-radiating elements com 
prises a conductive patch, each conductive patch having 
the plurality of ports spaced around the patch, 

Wherein each of the combining-radiating elements com 
prises: 

a ?rst non-conductive substrate having one of the patches 
disposed thereon; and 

a second non-conductive substrate having conductive 
strips disposed thereon, each conductive strip signal 
coupling one of the ports to the associated patch, the 
second non-conductive substrate further having a 
ground-plane disposed on a side opposite the conductive 
strips. 

31. The active array antenna of claim 30 Wherein the ports 
of each of the combining-radiating elements comprise elec 
tromagnetically-coupled ports, 

Wherein each port comprises an open-ended conductive 
strip disposed on a non-conductive substrate to couple 
electromagnetic energy to the associated patch, and 

Wherein the open-ended conductive strips extend and ter 
minate under the patch. 
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